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The Stabilization of Smokeless Powder 


Manufecture of Smokeless Power 


The smokeless powder used as a propellent in the 
armed forces of the United States is normally a "single-base" 
nitrocellulose powder made by colloidizing nitrceellulose cone 


taining about 12.6 per cent of nitrogen, 
The nitrocellulose, known as "pyroeellulose", is 


made by nitrating either purified cotton linters or special alphae 
cellulose prepared from spruce pulp, The material ie nitrated in 
batches of about forty pounds each, with mixed acid of about the 


following compositions 


Per Cent 
Sulfuric Acid 63 
Ritric Acid 21 
Water 16 


A charge of almost 2000 pounds of acid is used for each betch of 
eellulose, The nitration usually takes about twenty-five minutes; 
the temperature of the ecid being kept almost constant at 30-34° C, 
by cooling coils in the nitrator, The spent acids are then removed 
from the nitrocellulose by a centrifugal directly below the nitra- 
tor, and are fortified for reuse or sent to the recovery plant, 

The partially dry nitrocellulose is forked through 
an opening in the center of the centrifuge into a trough containe 
ing a stream of water, 

The drowned crude nitrocellulose contains some 
sulfate esters of cellulose, and some nitrate esters of oxycellulose 
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and of hydrocellulose; ell of these impurities are less stable 


than nitrocellulose itself, They are all capable of being 


hydrolyzed by long boiling with slightly acidified water, To 
remove these impurities, the nitrocellulose is subjected to 
several stabilizing processes, 

The first of these, known as “sour boiling", con- 
sists of a long series of boilings with water containing fron 
0.25 per cent to 0,50 per cent of sulfuric ecid. The usual pro- 
cedure is to boil a total of forty hours with at least four changes 
of water, 

Even after the continued bolling, the fibers of 


nitrocellulose, which still have the hollow structure of the 


original cellulose fibers, usually retain some acid, To remove 


this acid, the fibers are "pulped", This is accomplished by a 
beater, a Jordan mill, or a combination of the two, Most of the 
acid ecntained in the fiber in released when the fibers are broken 
up, and is neutralized by a weak solution of sodium carbonate added 
during the pulping, 

The pulped fibers still contain traees of adsorbed 
acid and of unhydrolyzed unstable esters; these are removed by 
"poaching", The pulp is boiled agein repeatedly with dilute 
sodium carbonate and then with water, and finally is washed at 
least eight times by thorough agitation with water; each time at 
least 40 per cent of the liquid is decanted, 

After washing, the material is screened to give 


finished pyrocellulose, If the pyrecellulose is to be converted 
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to smokeless powder in the same establishment, it is pum 





the powder plant as a slurry, If it is to be shipped, it is dried 
to a water content of about 25 per cent ard packed, 

The first process in the ectual conversion of 
pyrocellulose to smokeless powder is dehydration, The slurry is 
filtered by a continuous filter of the Oliver type and the pulp 
placed in a hydraulic press, where most of the water is removed 
by the application, for a short time, of a pressure of abceut 250 
peunte per square inch, The pressure is released, and alcohol, 
in an amount at least equal to the dry weight of the nitrocellue 
lose, is forced into the mass by a pump, The pressure is then 
increased to about 3500 pounde per square inch, pressing the 
material into a cylindrical block, The process is controlled so 
that the product retains just enough aleohol for the eolloiding 
operation, 

The compressed bloek is placed in a kneading 
machine and broken wp by hand, This machine is similer to ea bread 
kneading machine used in large bakeries, Then ether is added 
rapidly and mixed in as fast as possible, Enough ether is added 
s0 that the final liguid consists of about one part by weight of 
aleohol and two parts by weight of ether, the total weight of 
liquid being approximately equal to that of the nitrocellulose, 
The stabilizer is mixed with the ether before adding to the 
powder, 

After mixing, the powder looks like brown sugar, 

It is soft enough to be deformed by hand, and sticks together when 
squeezed, 
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The ineowpletely ecolloidized material from the 
mixer is pressed into a compact cylindrical maes in a prelimine 
ary or "blocking" press, which exerts a pressure of abeut 3500 
pounds per aquare inch, This block is then placed in a "macaroni 
press", from whieh it 4e forced through several smell holes, te 
emerge eo strings that look like macaroni, 

These strings are placed in a final blocking press, 
which may be the same press used for preliminary blocking, and 
reformed inte a cylinder, In this operation the pressure is 
maintained for one or two ninutes; this application of pressure 
completes the colloiding, 

The block from the final press is placed into the 
eraining press, from which it is foreed through e die to form a 
long tube containing either one or seven perforations, This 
tube is ent into the proper lengths to form the powder grains, 
The "green" powder from this operetion still retains a consider- 
able amount of ether ard aicohol, mest of which must be removed, 

The green powder is dried to the desired final 
solvent content, Complete elimination of solvent is undesirable, 
vecause completely dry powder burmese too fast for satisfactory 
use af a propellant, and alse because completely dry powder is 
ec hydroseopic that it changes rapidly in moisture content and 
in ballistic properties when exposed to air, 

The solvent is recovered from the powder by either 
of teo methods, In the older method the powder is placed in a 
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closed system and air, at about 60° C., is circulated through 
it, The warm air removes nost of the solvent from the powder, 
and the sclvent is then removed from the eir by cooling or by 
serubbing with a cuitable solvent, The process requires care- 
ful control, since the powder, on drying, tends to form a 
surface skin through which further passage of the solvent from 
the interior is very slow, 

The newer method of solvent recovery is know as 
"“gater drying", In this process, warm water is used instead 
of air, The water causes the formation of microscopic cracks 
ami pores on the surface of the powder, thus preventing the 
| formation of the surface skin and allowing the soivent to pass 
from the interior of the grain into the water, The alcohol and 
ether pass into the water because they are more soluble in water 
than in powder, Thus the process is really one of extraction, 
In addition to more effective drying, this process reduces the 
warping customarily suffered by air-dried powder, 

When the solvent has been sufficiently removed, 
the powder is taken out of the water, and the surface water is 


removed in a dryer, The finished powder contains about 3 per 
eent of volatile matter im the interior of the grain and about 


1 per cent of surface water, Most of this is actually contained 


in the microscopic cracks and pores on the surface, 

The amount of water held on the surface is 
extremely important in affecting the stability of the powder, 
The enount of water should be such that there is little tendency 
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for the moisture to evaporate in dry weather or for the posder 
to take up water during humid weather, 

After drying, the powder from several batches is 
blended to produce a large quantity of essentially uniform powder, 
Such a quantity is called a "lot", The powder from each lot is 
generally kept together and assigned to be ueed by the same ship 
or battery, 

After blending, the powder is stored in mnekbal- 
lined boxes sealed with rubber gaskets. Every effort is made 
to keep the containers watertight, to avoid the effects of change 





Even pure nitrocellulose, in either the colloided . 
or uncolloided state, tenda to deeompose slowly on standing, with 
the formation of nitric oxide and nitrogen dioxide, The rate 
of decomposition rises with the temperature; the reaction is 
accelerated by high humidity, In the presence of acid the rate 
of decomposition is very greatly increased, Nitrocellulose that 
hes not been freed completely from sulfate esters of cellulose 
is much less stable than the thoroughly purified material, The 
sulfate estors hydrolyse more rapidly than the cellulose nitrate 
itself, and the traces of sulfurie acid set free by the hydrolysis 
catalyse the decomposition, The nitrate esters of hydrocellulose 
and oxyeellulose also tend to make the powder unstable; they 
decompose readily to form oxides of nitrogen that can react with 
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any moisture present to form acids that catalyse the decouposi- 


tion of the true nitrocellulose, 
Although well purified nitrocellulose is rather 


stable end does net begin to breek down readily at roon tenpera- 


ture, a omall amount of decomposition does take place within a 


relatively short period of time, The oxides of nitrogen produced 


by this decomposition atteck the nitrocellulose very rapidly, 


causing further decomposition, Thus, if these oxides are not 


removed, the decomposition is “auto-catalytic" and its rate 
increases rapidly, causing considerable decomposition in a short 
time, For this reason there mst be added to the smckeless powder 
some compound which will react with the oxides as fast as they 

are formed, tying them up as some compound which does not further 
the decomposition, Such an additional compound is called a 
stabiliser, and powder to which it has been added is aaid to be 


stabilized, 


Stabilizers 








There are two important recuirements for a good 
stabilizer in addition to the obvious cne that it mst react with 
the oxides of nitrogen formed by the decomposition of nitrocellue 


lose. | 
Firat, neither it nor the product of its reaction 


with the oxides of nitrogen should react ith the nitrocellulese, 
Thus the use of an alkali as a stabilizer is not feasible, be- 
eause both tho alkali end the nitrates and nitrites formed from 
it react very rapidly with nitrocellulose, (1) 
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Second, neither the stabilizer nor its products 
sheuld destroy the homogeneity of the powder, Calcium carbonate, 
whieh is a good stabilizer for dynamite, cannot be used for 
erokeless powder because it is insoluble and remains as a finely 
divided solid in the powder, Urea, wiich otherwise is a very 
good stabiliser, cannot be used because it produces bubbles of 
nitrogen gas in the powder, 

The stabilizer should also be relatively cheap, 
and both it and ite products must be themselves stable, 

Stabilizers have been used in smokeless powder 
ever since its first mamvfacture in France in LE&%4, The first 
substance used wae amyl alcohol (2), which reacts with the oxides 
of nitrogen to form osters, amyl nitrite and amyl nitrate, 

These esters are in turn attacked by the oxides, and break down, 
releasing nitrie and nitrous oxides, end at the same time the 
emyl redieal is oxidised to valeric acid, The presence of valeric 
acid ean readily be detected by its odor, and its presence was 
taken as evidence that the amyl alcohol was exhausted ani the 
powder no longer stable. Since each molecule of amyl aleohol 
reacts with only one nitrogen, which it later gives up, amyl 
alcohol is a very peor stabilizer, Its use was abandoned, but 
not until two French werships had been destroyed by explosions 
attributed to spontanoous inflammation of the powder in their 
magazines, The Italians used aniline as a stabilizer, but since 
aniline itself ettacks nitrocellulose, it makes a very poor stable 
liser and its use wae soon discontimed, 
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By fer the most important stabilizer is diphenyle- 
amine, which was used as early 1909 and is still the standard in 
most countries, including the United States. 

The only substance which can compete with diphenyl- 
amine es a stabilizer is "Centralite", ea trade name for any of 
several alkylesubstituted diphenyl ureas, the most usual being 
symmetrical diethyl diphenyl urea, However the centralites are 
used chiefly as solvents and ceatings. In this paper diphenyle 
amine and centralite will be diseussed in deteil, fcllowed by 
ea list of other compounds which have been used or proposed and 
a discussion of the comparative stabilization powers of the 
various compounds, 

Diohenylanine 

Diphenylamine is by far the most important stabili- 
ser for smokeless powder, althcugh it is generally considered 
that centralite is actually a better stabilizer, 

The qualities of diphenylanine ae a stabiliser 
were first established by M. Marqueyrol in a series of researches 
lasting fifteen years (3). Samples of smokeless powder cote 
taining up te 10 per cent of diphenylamine were heated at five 
different temperatures for periods up to 4083 deys, and sazples 
were removed from time to time for analysis of the nitrogen cone 
tent of the nitrocellulose. Up to that time it was generally 
considered that smokeless powder decomposed at a rapid and uncone 
trellable rate, Marqueyrol's tests established the fact that 
nitrocellulose is essentially stable and loses stability only 
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when in contact with slight amounts of ite decomposition products, 
Hie showed that the first reaction preduet of diphenylemine is 


diphenylnitrosanine, which is itself a better stabiliser than 


diphenylemine, This is due to the fact that nitrosemine is a 
gelatiniser for nitrocellulose, and remains intimetely mixed with 


4%, whereas diphenylamine does not, However at elevated temperae 


tures the nitrosazine has very poor stabilising power, 
These tests also showed that the effect of terperae 
ture {se very important on the ection of a stabiliser, since some 
of the reaction products may thomselves bs unstable at certain 
Therefore any test fer stabilization eheuld be 


tempers tures, 
These observations in rercard 


rum at at least two temperatures, 
to the effect of temperature were confirmed by other researchers 


(4) (5) who alao found that the prezence cr absence of oxygen 
and the sisount of moisture present in the powder also materially 


affeeted the results. 
Marqueyrol and others have studied the derivatives 


of diphenylamine which cause powder to derken with age, and have 
concluded thet they are due to impurities in the ether used in 
the powder or to the oxidising ection of the eir during drying, 
am are not preiucts of a reaction between diphenylanine and 
nitrocellulose or the oxides of nitrogen, (6) (7) (€). The 
principal oxidation product producing darkening is diphenyl 


dihydre phenazine, 
The transformations undergone by diphenylanine 


as ea result of the decomposition of the powler have been studied 
















voter st cern 4 ema high i tonnes gp amt 
MF mmtanlipetets Be nemiory Aeltiery bene) eet ad Gmc a 
OT etl thems walpees Niet s kt inthe Semen Ss rays 
4 Of remmanehar far Seat 2A8 of Ged 44 enty eee Oe 
Sey ems ylintember! caw iter, Patt Bert der 
caerern) Galea fe Tee P2P RON! SLO! mA Cry 
rene, Bele iret my my tel remedy et 

“Demand Ie Pour ie A Genie ewes ele whew ons 
sme saaig (WoRhiiels + We aries 92h Ge trmermaet chet of 
Satur fe Sih rast A mivlomens we otters SATO wi Sa 
= Alene amiseal hints Ww deni yee sonuenng? — 
Serwt ol ee iteriawn mead? he ad a ie 
NS TARE Ct Lami TOR, venyee be onemne as P 
; Zoe 
sarah ua 3 
CMAET ITD Att Raine rnd wmity Lee Semymcn pen 
ret Be se te sh ok tng, ea en 
Ad bree mite mY AL wetter) oh ey wre mt eae 
SS wb oa HA 6 itty patniitan 9H 9f 


7 —_—> +> _ 


fe ele yesh mmewad duoweT © be Some dn 


~ eat th e 1 eee : mtr om 




















=>) 





S. 

































by soveral investigators and seem to be fairly well established, 
The chief work in this field was done by Davis and Ashdown at 

M. I. T., working under a ccntract for the J, S, army. (9) (10) 
They prepared ali the compounds which might be expected to be 
forned by nitration of diphenylazine and devised color testa 

to indicate the presence of erch of them, as well as methods 

of separating each from mixtures of one another and nitrocellu-e 
lese, These separations and tests wore applied to diphenylaminee 
etabilised ponders in various stages of decorposition, the most 
advaneed being a powder thet hed been civing off fuwes for sevcral 


months, These tests indicate that the reactions ere as follows: 
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The last product formed, 2-4-4' trinitrodiphenyle 
amine, wight be expected to umlergo further nitration to the 
Lehe2' ai! tetranitre compound, but rather exhaustive attenpts 


to isolate this compound were rot successful, 
Becker and Hunold, (11), confirm the fact that 


the wtranitro product is not formed, They also isolated several 


mere intermediate compounds, Their proposed reactions are as 


followas. . 
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The two mechanisms lead to the same end product, 

a trinitre derivative, The fact thet dinphenylemine tekes up 
three nitro groups per molecule is one cf the reasons that the 
compound is such a good stabilizer, 

Becker and “Yunold also neasured the relative time 
required for the formetion cf the varicus ccrreunds from posder 
containing diphenylemine, which was kept at 100° C, The nitrose 
amine was detected even before heating, the mononitre compound 
efter one day at the elevated terperature, the dinitro after 
twe days and the trinitro after four days, 

They also tested the stabllising power of the 
various intermedietes by prepering rowders ccrtaining cech of 
these compounds, The relative values were 2s right be expected, 
except thet the lest product, the trinitro compound, was a better 
stabilizer than the compounds immediately preceding it, the 
dinitro divhenylnitrosarines, Since neither of these actually 
tekes up any rore nitrogen, it is herd to see how either can act 
eas a stabiliser, Wo expleneticn was offered, 

There ie some evidence that the reaction is not 
es simple as the above discussion might indicate, The effect 
of temperature has been largely ignored in both the above experi- 
ments, but other workers have found thet the reaction is apperently 
different at different texperatures, It was found (12) that 
stabilized powders decomposed at a rate which was only one-fifth 
to one-sixth that of unstabilized powder at 50° C,, but at 77,5° C. 
its reaction rate was one-third that of the unstabilized powder, 
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This would indicate either that the reactions ere different at 
different texperatures, or that the method of testing is inaecure 
ate, The low-temperature test may rot indicate the true velocity 
of decompositicn, 

It was also found (13) that a eatelyst was necessary 
to carry out the reaction between divhenylamine end oxides of 
nitrogen in the laboratory, Chlorides and copper salte were used 
as catalysts, It 1s supposed that the sxall amcunts of copper 
salts present in smokeless powder from the verious manufacturing 
containers ect ss catalyst when the reaction oecurs in vower, 

It has also been observed that the purity of the 
diphenylemine end of the nitrocellulese effect the stability, 

(14) Powders made in 1912 with normally etebdilized nitrocellulose 
emi purified diphenylamine showed no loss of stability when tested 
after twenty years storage at room temperature, while powder 
memifactured during the first World War, using rapidly stabilised 
nit«ocellulose and technical diphenylamine, showed warked lossos 
of stability in fifteen years, : 

In this connection it is interesting to note that 
it is possible to restabilize powder with dirhenylamine, The 
process (15) 4s performed by softening the powder in alcohol, 
without altering the grein size, and then re-impregnating with 
diphenylanine in alcchel solution, 

Powder xzhich has been stebilized with dirhenyl- 
amine may be tested for stability and suitability for further 
use rather easily, A powder is considered unfit for further 
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storage if all of the diphenylemine and the diphenylnitrosamine 
have been exhausted, These compounds may be detected in an 
aleohol extract of the powder by simple coler testa as follows: 

If diphenylamine is present, « strip of filter 
paper on which an alecholic extraet of the powder has been 
allowed to dry is colored blue by a drop of ammonium persulfate, 
Also, if the extract contains diphenylenine it; is colored blue 
by the addition of a few drops of a saturated solution of 
amvonium persulfate, Diphenylnitrosamine gives no color with 
eamonium persulfate, but imparts en intense blue color to a few 
milliliters of cold concentrated sulfuric acid, 

Comtralite 

The first centralite was symmetrical cimethyl 
diyheny? urea, It was called centralite because it was developed 
at the Contral Var Laboratory in Germany, The ethyl compound, 
aymmnetricel diethyl diphenyl urea, usually calied Centralite No. 1, 
is now more commons the methyl compound is now called Centralite 
No, 2, 

The reaction of centralite with oxides of nitrogen 
has also been studied rather intensively, but opinicn as to the 
nature of the reaction differs, One belief is that the reaction 
is simple nitration, forming first a dinitro compowxd with 
nitro greups substituted in the para positions ef the two phenyl 
rings, and finally a tetranitro compound with two ortho and two 
para positions substituted (15), another theory is that the 


centralite molecule ia broken up, forming penitro phenyl ethyl 
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nitrogsamine, (17) In either case, it shovld de noted that one 
eentralite molecule takes up four nitro groups, which ic one nore 
than diphenylamine ean absorb. 
Other Compounds 
Many other compounds have been used, or at least 
proposed, as stabilizers, Notmuch is known about the reactions 
they undergo, but c great many comparisons have been made as to 
the relative powers of stabilization, Some of the more important 
sucgested substances are: 
acardite (essymuetrical diphenyl urea) 
alpha naphthyl urethane 
camphor 
carbazole 
diamyl phthelate 
diphenyl benzamide 
ethyl oxinilate 
mucic acid 
naphthalene 
nitro naphthalene 
phenanthrene 
potassium oxinilate 
petrolatums of various kinds 
phthalide 
substituted urethanes 
saeccharic acid 
tartaric acid 
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triacetate of methyl trimethylol methane (16) 
triphenylanine 
Louparivou of stabilizing Power 
Many workers heave made comparisons of the 
stabilising power of various groups of the compounds listed | 
above, Movever it is rather difficult to integrate the results, 
since webhods differed widely and since each worker corpared 
only a fea compounds, The results cf some of the nore lmportent 
experinents ere given below: | 
Marqueyrol, in his work mentioned above, eaiso 
made comperisons of the stabilizing poser of several compounds, 
These included amyl alechol, diphenylamine, nitronaphthalene, 
naphthalene, diphenyl benzamide, diphenyl nitresamins, and 
carbazole. He, of course, concluded that diphenylamine was 
the best stabilizer, end it was his work that firet promoted 
the use of this compound. However, he found that for some 
temperatures the benzamide was better, and he also found that 
earbasole, while net as good a stabilizer es diphenylamine, has 
less direet action on the nitrocellulose at high temperatures, 
and therefore can be used in larger quantities with safety, 
Giua and Guastalla (19) ran conperative tests 
on esveral compounds, They concluded that the compounds under 
consideration could be arranged in order of decreacing stabilise 
ing effect as follows: 
Dipheny lanine 
Centralite 
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Aniline 
elphe Naphthylurethane 
Ethyl Oxinilate 
Potaseium Oxinilate 
Phthalide 
M. Tonegutti, (20) (21), found that diphenylamine 
amd centralite were of equal power and were the best stabilizers 
of all he tested. Disubstituted urethanes were good stabliizers 
when mixed with acardite, but net alone, while phthalide and 
dianyl- and dibutylephthalates had no stabilising eetion et 
ali, Substances that are both otabilizers and gelatiniszsers gave 
very good results when mixed with substances which are stabilizers 
only, producing better stabilization than either substance used 
alone, Fhenanthrene gave very good results on nitroglyecorine 
powders, He concluded that diphenylamine is the beset stabilizer 
for doubleebase powders, but acardite is the best for single- 
bese ponders, 
Tonegutti also compared the stebilizing power 
ef various petrolatums, since these were being seriously cone 
sidered at that time, (22) As wight be expected, it was found 
that those having the highest degrees of unsaturation (as shown 
by the bromine nunber) were the best stabilisers, 
R, Dalbert (23) compared powders containing 
&.75 per cent of centralite with powders in whieh 2 per cent of 
the centralite had been replaced with either diphenylamine or 
ecarbazole., In eaeh case, the straight centralite was the best, 
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the carhazole being the worst, 
Dalbert also studied the action of triphenylemine 


as a stabilizer, comparing ite action to that of diphenylamine, 
(24) Powiers containing two and five per cent of triphenylamine 
were compared with elmilar powders containing diphenylanzine, 

The tewceper cent powers showed similar action when heated to 
100° c, mt powder containing five per cent of trichenylamine 
showed jess denitration than the corresponding dipkenylenine 
powder, Wo nitroso compound was formed from the triphenylamine, 
the first preduct baing a mnononitroe corpound, These tests 

seom to indicate that triphenylamine wight make a superiocr sta- 
bilizer, but apparently no further work has been done towards 


confirming this, 
Kraus and Majrach considered the action of dle 


and tri- carboxyife acids, using tartaric acid as typical, 
Tarteric acid teck up twe nitre groups, forming dinitro terteric 
acid, This compound when heated in aqueows sclution decomposed 
into carbon dioxide, nitrogen trioxide, nitrogen, and a small 
amount of carbonic acid, If heated dry, the gases varied with 
temperature, glyoxalic acid being left in the solid residue, (25) 
The same tuo workers also studied the nitro esters 
af other dicarboxylie acids, nemely glutaric, mucic, amd saccharic, 
These were found to act very much like tartaric acid, and to 
be better stabilisers than tartaric acid, (245) 
Desnaroux (27) studied the comparative stabilising 


effects of camphor and centralite, and concluded thet camphor was 
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as gocd as centralite, at leest for pericds up to 600 days, which 


was the longest test ccnducted, 





No really satisfactory method of testing the 
stability of smokeless powler hac as yet been devised, Far 
research preblems, such as comparing the stabilizing effect of 
vericue substances, the reduction in nitrogen content is taken 
as @ measure of inotability, Thus to compare two ctabilizers, 
powders conteining each ere prepared, and rather lerge samples 
of each kept under cerefully controlied conditions of texperae 
ture and humidity fer a long tine, From time to time, samples 
of each are withdrawn and analysed for nitrogen, the powder which 
has lest the least being considered the better atabilized, This 
method presents several difficulties and is really not very 
catisfactery, The nitrocellulose wsust be removed from the 
stabiliser and ite products and tested for ite nitrogen content, 
This presents diffieulties end the method employed varies with 
the type cf pesder and the stabiliser, In additicn, as has been 
meritioned before, the temperature plays an importent part in 
the effective stability, some substances ecting as very good 
stabilisers at one temperature but being very poor at other 
temperatures either higher or lower, Accordingly, such teste 
should be run at several temperatures, 

Several methods have been used for testing 
stability without waiting for the actual decomposition to oecur, 
as in the above teata, These are usually referred to as 
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"heat, tosts®, The two ment common of these in this country are 


the 65,5° ©. KI etereh test and the 134,5° C, methyl violet 


test, 
In the KI sterch test, the powder samples ere 


heated in test tubes at 65,.5° C, Within each tube, a strip of 


KI staveh paper, spotted with a 50 per cent aqueous solution of 


glycerine, is hung from a platinum hook, The tubes are 


stoppered with cork, The tubes are examined constantly and 


the time required for the first appearance cf color on the paper 
is reported, Specifications in the United States call for at 
least 35 mimutes before the first appearance of eoler, 

In the methyl violet test, long tubes of heavy 


glass are used, They are closed leesely with notched corks, 


and are heated for almest their whole length in a bath at 
134.5° C, The sample occupies about two inches of the lower 


end of the tube, and strips of rethyl violet paper are placed 


about one inch above the sample, Times are noted for the paper 


to be turned completely te e salmonepink color, for the first 
appearance of red fumes, and for explosion, Fxplosion usually 


dees not oecur for about five hours, 
It will be noted that neither cf the above gives 


a true indication of stability, since they measure the time for 
the self-catalyzed reaction in an atmosphere of air or red fumes, 
They thus serve only to compare the stability of powders which 

are similer in other respects, For true observations of stability, 


a heat teat under vacuum is necessary. 
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If smokeless powder is exposed to ea humid ate 
mesphere, it will absorb moisture slowly, Conversely, it will 
give up moisture to a dry atmosphere, The extent of both of 
these is dependent on the amount of surface moisture present 
originally in the powder, as mentioned above. The hyproseopicity 
also seems to depend on the total ancunt cf nitrocellulose 
present, so that double base powiers are lese hyzreseopie than 
straight nitrocellulose powder, 

Tho amount of moisture present has « very marked 
effect om the stability, In one experiment a powder was exposed 


to a saturated atmosphere for three months at 50°C, after 





this exposure, it was kept at 65.5° C, in a closed container, 
red fumes appearing after nine days, The seme power, unexposed 
to the humid atmosphere, took 540 days to produce red fumes 
umler the same confitions, (28) 

Changes in temperature and huridity affeet the 
stability of powder in another fashion, aleo. As the power 
tekes up moisture, the water emi volatile matter in the powder 
nove inward from the surfacs toward the interior. If the same 
powder then loses water, due to a change in conditions, this 
water mevos cutward, Thus there is a constant shifting of the 
liquid within the pewder, This tends te break up the structure 
of the crain end promote decomposition, 

Smokeless powder deteriorates mich more rapidly 
at high then at low temperatures. This is due partly to the 
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acesleration of the deccmposition reaction of nitrocellulose and 
pertiy to the fact thet the stabllizer alsc decomposes at high 
tomperatures, Diphenylnitrosamine decomposes very easily as 

the temperature is raised, and hence the stability of diphenylamine 
powders decreases rapidly, 
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